Introduction
The enlargement of renewable energy resource proportion is a question of sustainable development of an energetic sector in Latvia. Biogas is one of the types of renewable energy resources. There can be various sources of biogas, and landfills play an important role among them. Different solutions for the use of biogas are searched to fulfil the European Union poses requirements and economically and ecologically substantiate them at the same time. Solving problems of waste management and treatment can be conditionally divided into three periods: -During the first period every municipality has established a dump where the waste can be carried uncontrolled. Approximately 500 dumps caused great water pollution problems: dumps were not established in the way to keep dump waters away from groundwater, rivers and lakes. Other environmental problem was connected with air basin pollution. Dumps distorted a landscape. -The second period has begun with an implementation of the programme "500-" during which it was planned to eliminate dumps and to establish large regional sanitary landfills or polygons. In the landfills waste storage facilities were covered with a special waterproof material where the conditions for biogas production can be created. In this way government was determined to solve also questions connected with biogas production in storage facilities of landfills. During the implementation of the project several problems had occurred connected with the use of biogas. The simplest solution is to burn the gas and produce energy: heat and electricity or both separately. An experience shows that there are no heat consumers near the landfills and this is the reason why power stations are established. Unfortunately because of technological reasons a production of electricity are made with a very low efficiency. Other solutions are also possible and they connected with an improvement of biogas and further use of it in vehicles or injection in natural gas grid. In this case the system of improved gas use has to be developed in the state. -The third period has started now when the question about a speed of waste increase becomes more and more topical: the more waste the bigger territories have to be allocated for landfills. Within the search of radical solutions of waste amount reduction several directions of arrangement of waste management have been established in the centre of which is waste sorting. All waste carried to landfill are sorted to separate that kind of waste which can be burned. This kind of waste is particularly pre-treated, processed and packed. Such processed waste is called residues derived fuel (RDF) and those can be burned in boiler furnace or in technological oven. In this case some waste remain (20-30% of total amount), which are stored in landfill and these are not a source of biogas origination. Other possibility is to separate organic compounds from which are possible to produce biogas in digester and after that to separate RDF remained. In this case the waste treatment in landfill becomes more complicated. Due to the fact that sanitary landfills are developed and biogas storage facilities are established there is an actual question -how to use biogas and how to develop energy production. It is important to find the answers to various engineering, economical and ecological questions, e.g. what kind of equipment has to be chosen, what power has to be installed, how big will be the costs of produced electricity, will they cover power station capital investment and operational costs [1] . This article is dedicated to solving of questions mentioned above, expounding the results of research which are gained during developing and approbation of methodology for selection of landfill biogas power station.
Model of energy production in landfill
The biogas storage facility is established in landfill and after definite time concentration of methane in biogas reaches the level when it becomes possible to use biogas for production of electricity in power station. The installed capacity of power station depends on various factors and parameters: capacity of waste storing in landfill, composition of waste, amount of biogas produced during the use of the storage facility as well as conditions at the closing of it, and operation regime of power station. E.g. equipment in power station works without interruption all the time within the period of storage emptying or begin to work at the end of storage operation, emptying it within a couple of years.
The algorithm of mathematical model for selection of biogas power station capacity by analysis of operation time is illustrated in Figure 1 .
Fig.1. Calculation model for landfill biogas power station
Calculation model for landfill biogas power station is presented in Figure 1 Energy efficiency of a power station is a correlation between fuel energy and electricity (also heat) delivered into the grid for consumers of electricity. Tariff calculation module consists of mathematical processing of economical data and calculation of tariffs according to investments and operational and maintenance costs. A prime cost of electricity production is determined using data about equipment capital investment and operational costs, about biogas amounts, technological equipment and system efficiency and about greenhouse gas emissions.
The prime cost of an implementation of technological solutions for electricity production is determined relating total costs to a unit of produced amount of electricity:
where T e -biogas energy tariff, LVL/MWh; K -capital investment, LVL;
A -sum of operation and maintenance costs over life time of the plant at current costs, LVL; Q L -lower heat value of biogas, MWh/m 3 .
Climate calculation module includes estimation of cost efficiency of greenhouse gas reduction unit. Figure 2 . The graphic shows that legislative situation is made in the way that feed-in tariff for just electricity production is the same as for electricity production in cogeneration with better efficiency. Module of cost efficiency marginal value is necessary to make possible to define a threshold value of specific costs of greenhouse gas reduction for comparison. GHG emission allowances in the emission trading (ETS) or in realisation of joint implementation (JI) projects can be admitted as such threshold value.
Characterization of model approbation landfill
The model is approbated for Daibe landfill. Calculation of biogas content and amount of formation is made for Daibe landfill located in Cēsis district Stalbe parish and launched at December 1, 2004. The landfill is constructed according to requirements of legislation of the European Union and the Republic of Latvia. Total reserved area taking into account perspectives of landfill future development is 49,2 ha. The landfill area is 12,96 ha (4 waste disposal storage facilities). An area of the first stage storage facility is 3,6 ha (by dykes) and maximum height of disposed waste hill accordingly to surrounding landscape is ~20 m. A potential of biogas production from waste disposed in municipal solid waste landfill calculated by years with a help of LandGEM model is presented in Figure 3 . A total amount of biogas is assumed by summing up the amount of methane produced during a year which is recalculated for every chosen biogas improvement technology. The total calculated amount of biogas in landfill is 42266 thousand m 3 . Operational time of landfill is 12 years. Electricity production can be done in power stations of various capacities. A type of station depends on amounts of landfill biogas. The bigger capacity is the quicker biogas storage facility is emptied and vice versa -the smaller capacity the slower reservoir is emptied but there are better possibilities to increase efficiency of equipment. On the other hand the slower reservoir is emptied the greater losses of biogas occur through the coating. That causes an increase of greenhouse gas emissions. The analysis of biogas use in landfill "Daibe" is performed for 6 power station capacities: 0.08 MW; 0.5 MW; 1MW; 2MW; 3MW;4 MW.
Biogas measurement data in municipal solid waste landfill "Daibe"
It is important that in calculations of technological methods determining an amount of produced electricity an incoming flow of unprocessed biogas as well as percentage of methane content in biogas CH 4 has to be considered in equal amounts. The percentage of methane content in biogas is determined by the use of data gained in landfill "Daibe" [5] . During the trial a concentration of methane in biogas has been measured. The results showed that concentration is high, on average more than 62%. This is a very good parameter which is caused by the fact that waste is being sorted in Daibe. The changes of biogas during time are showed in Figure 4 . 
Economical analysis of landfill "Daibe" data
It is important to determine a true capital investment as equipment is installed in the way to use all biogas produced in municipal solid waste landfill. Based on consideration that a small power station has to be operated for longer period of time and it has to be changed after every 15 years, it has to be determined how long the equipment could be operated. The results of operational time calculations of power station equipment are graphically showed in Figure 5 . As results in Fig. 5 shows, the biggest incomings are possible with small capacities. However during equipment operation for 187 years it has to be considered that it should be changed for 14 times and there will be also considerable losses of methane. Therefore this alternative has to be considered only as theoretical possibility.
Total costs of power plant operation include capital investment and operational and maintenance costs (see Fig.6 ). As can be seen in the analysis of results the lowest tariff is possible in the case of installed capacity of 1 MW. A threshold value of tariff is equal with feed-in tariff, it differs depending on capacity but it is not lower than 100 LVL/MWh. Difference between calculated costs or expenses and feed-in tariff value presents profit of biogas power plant in landfill. The highest profit could be in the case of installed capacity of 1 MW. In Figure  7 a prime cost of electricity is compared with a benchmarking or a threshold value which is feed-in tariff. It has been calculated based on regulations issued by Cabinet of Ministers No. 198 regulating feed-in of electricity from stations which are using renewable energy resources. 
Fig.7. Prime cost comparison with feed-in tariff
All the difference between prime cost and feed-in tariff is a profit of company. Figure 7 shows that prime cost is considerably lower than feed-in tariff. It shows that electricity production from biogas is not only an environmentally friendly process but also financially profitable.
Analysis of cost efficiency
A calculation model of reduction of impact on climate changes can be based on conception of biogas use instead of natural gas. It means that electricity is generated with biogas producing zero emissions. Efficiency calculation results in the case of natural gas replacement with biogas are gathered and illustrated in Figure 8 . The lowest cost efficiency is for installed capacity of 1 MW. Cost efficiency is an indicator of emission trading. Kioto flexible mechanisms provide possibility of financial support for greenhouse gas emission reduction projects. It can be done by taking part in the European Union greenhouse gas emission trading scheme. Although at the moment of economical crisis 1 emission allowance (1 tCO 2 ) costs 9 -11 LVL, it can be forecasted that in the nearest future (after economical crises) it can be within 21-35 LVL/tCO 2 . Other greenhouse gas emission reduction costs are in the joint implemented projects and in the projects of clean development projects and these costs do not exceed 10 euro for tCO 2 . In both cases those can be called benchmarking threshold value. This time as a benchmarking can be used European Union greenhouse gas emission trading scheme forecast which indicates increase of values in period of 2010-2012. Continued line characterises a benchmarking of greenhouse gas emission reduction which is equal with 30 LVL/ tCO 2 . Only for installed capacity of 0.5 MW and 1 MW it is lower than benchmarking threshold value. 
Conclusions

